Computer-based assessments are popular means to measure individual differences, including age differences, in cognitive ability, but are rarely tested for the extent to which they correspond to more realistic behavior. In the present study, we explored the extent to which performance on an existing computer-based task of multitasking ('cooking breakfast') may be generalizable by comparing it with a newly developed version of the same task that required interaction with physical objects. Twenty younger and 29 older adults performed both the computer-based multitasking task and its laboratory-based equivalent. In each task, two measures determined prospective memory and one measure ascertained speed of completion. The Prospective-Retrospective Memory Questionnaire determined self-reported memory failures. In both age groups, correlations between the computer-based and the laboratory version of the task were largely restricted to a single measure of prospective memory. Whereas performance on the laboratory task correlated with self-reported memory failures across the entire sample, there was no such relationship for the computer-based task.
Introduction
Psychometric instruments are used as tools to quantify individual differences, including age differences, in cognitive abilities and aptitudes. Traditionally, testing has been based on paper-and-pencil tasks, but due to greater precision in data collection, ease and consistency of use, and immunity to biases, these methods were gradually replaced by tasks administered on computers (Deary, Liewald, & Nissan, 2011; Kush, Spring, & Barkand, 2012; Logie, Trawley, & Law, 2011) . To justify their continued use, evidence of sufficient ecological validity-the extent to which performance is representative to that in a real-life setting-is imperative (Czaja & Sharit, 2003) , but due to time-intensiveness and costs, studies of this kind remain sparse in many domains of psychology (Baumeister, Vohs, & Funder, 2007) . For many computer-based instruments in particular, we currently do not have sufficient information on their generalizability beyond the specific task environment.
One rare study that reported data on associations between computer-based assessments and real-life performance produced very limited findings (Lawrence et al., 2004) . Children with attention-deficit/hyperactivity disorder (ADHD) and healthy controls performed a reallife task set in a zoo, as well as a virtual environment and two paper-and-pencil tasks in the laboratory. All aimed to assess executive function. Across groups, performance on the reallife task was entirely unrelated to performance on the virtual environment task, which is suggestive of a limited ecological validity of the latter. Comparisons of computer-supported tests with paper-and-pencil tests of cognitive function (Coyne, Warszta, Beadle, & Sheehan, 2005; Ihme et al., 2009; Holt et al., 2011; Parsons & Courtney, 2014) and with psychometric assessments such as of personality (Naus, Phillip, & Samsi, 2009 ) also often indicate substantial task-dependent differences. In one study of healthy adults, for instance, scores on a paper-and-pencil Stroop test correlated only modestly (though significantly) with scores on a computer-based version of the same task (Parsons et al., 2013) . The evidence was also weak for associations between the virtual and the two paper-and-pencil assessments of executive function in the study of children with ADHD and controls (Lawrence et al., 2004) .
Thus, computer-based psychometric tests are often applied with little evidence of correlations with other tests thought to measure the same construct, let alone with its real-life applications. This may be particularly problematic in the assessment of cognitive abilities in older populations. Older adults perform cognitive tasks in different ways compared with younger people (Johnson, Logie, & Brockmole, 2010) . Moreover, older adults are more commonly affected by a lack of experience with computers and by computer anxiety than are younger people (Broady, Chan, & Caputi, 2010; Slegers, van Boxtel, & Jolles, 2012) . Agerelated psychomotor slowing also influences the ability to interact with computer keyboard and mouse (Kallus, Schmitt, & Benton, 2005) . Thus, in cross-sectional investigations of age effects on cognitive ability, a disproportionate disadvantage for older adults through the assessment on a computer as opposed to performance on a task that does not involve a computer is plausible.
The present study aimed to evaluate this claim for one such task that tapped multitasking abilities. Specifically, the present study compared age effects on performance on a computer-based task that has previously been used to study age effects on multitasking-the computer-based breakfast task (CBBT, Craik & Bialystok, 2006 )-with age effects on a similar, though non-computer-based, task that was set in the laboratory (laboratory-based breakfast task, LBBT). The ability to multitask is vital for independent living at any age and has received increased attention in psychological research. It is characterized by the completion of a number of distinct tasks, which are dovetailed and performed in succession, as well as interruptions and the need to delay intentions (Burgess, 2000) . Consequently, it necessitates intact planning, retention of plans in prospective memory, switching and executive control functions . The LBBT was designed to match these general cognitive requirements for multitasking in the CBBT. However, it was closer to a real-life breakfast situation due to taking place in the real (albeit laboratory-based) world and requiring several of the spatial interactions with physical objects that are involved in preparing breakfast. Separate analysis of groups of younger and of older adults allowed evaluation of age-related differences across the two versions of the task. This procedure provided a means to assess whether negative associations of age with cognitive performance reported in the original study by Craik and Bialystok (2006) may present differently when the same cognitive functions are assessed on a task that does not involve a computer.
Associations of performance on the two tasks with self-reported frequency of memory failures in everyday life were additionally explored. If CBBT performance correlated with performance on the LBBT, this would provide a cross-validation of the two tasks. Additional correlation with self-reported memory failures would further indicate that individual differences in the abilities tapped by the tasks are recognized by people in their everyday lives.
In contrast, age group by task interactions demonstrating age-specific disadvantages on the CBBT but little or no age effect for the LBBT, in combination with lower correlations of prospective memory performance on the CBBT with self-reported memory failures in everyday life compared with the LBBT, would point to a biased estimation of multitasking abilities in older age by the CBBT.
Material and Methods

Participants
Twenty participants (14 women, six men, M age = 24.9 years, age range: 19-30) were included in a younger group consisting predominantly of university students (55%) who were recruited through posters and flyers distributed in the Psychology Department at the University of Edinburgh, UK. An older group consisted of 30 individuals (20 women, 10 men, M age = 72.0 years, age range: 65-87). The older group was recruited from a Psychology Department panel of volunteer members of the general public. Across age groups, a majority of participants were British, though native English speaking was not an inclusion criterion.
Data from one older participant who did not understand instructions were excluded from the analyses, resulting in a total sample size of 49. The study was approved by the Institutional Review Board, and all participants gave full informed consent. Travel expenses were reimbursed for older adults.
Materials and Procedure
Testing sessions lasted approximately one hour. Initially, demographic information was collected and participants rated their previous experience with computers (computer experience) on a 7-point Likert scale (1 = no experience and 7 = frequent use). The Prospective-Retrospective Memory Questionnaire (PRMQ; Smith, Della Salla, Logie, & Maylor, 2000) was then administered to measure self-reported frequency of retrospective and prospective memory failures. Retrospective memory involves the remembering of information from the past (e.g., autobiographical information). Prospective memory is the remembering of intentions, which are stored either until detection of a cue for its retrieval, or until the appropriate time to carry out the intended action occurs. This form of memory involves a prospective (i.e., remembering to do something) as well as a retrospective component (i.e., remembering the specific intention; McDaniel & Einstein, 1992) . On the PRMQ, responses to a total of 16 items were made on 5-point Likert scales (1 = never and 5 = very often), resulting in a score range of eight to 40 on each of two subscales. A sample item of the retrospective memory subscale is: Do you fail to recall things that have happened to you in the last few days? A sample item of the prospective memory subscale is: Do you decide to do something in a few minutes' time and then forget to do it? Higher scores on each of the subscales reflect a higher frequency of memory failures. The two components of the PRMQ typically correlate strongly with each other and with other self-report measures of episodic memory (Mäntylä, 2003) . The instrument has previously been shown to exhibit high reliability (Crawford, Smith, Maylor, Della Salla, & Logie, 2003) .
The experimental part of the study involved two breakfast tasks (the CBBT and the LBBT). Both were performed by each participant. Half of the participants in each age group performed the LBBT prior to the CBBT; the other half of each group began with the CBBT and went on to perform the LBBT. The CBBT was performed on a conventional computer monitor using a computer mouse (this task is the '6-screen' version that is described in detail in Craik & Bialystok, 2006) . On a main screen, pictures of five breakfast foods each with a different cooking time (ranging from 30 seconds to five minutes) were shown. Each food was presented on a separate screen, with start and stop buttons, and a timer. Participants were instructed to 'cook' each food for the correct time and to ensure that all foods are ready at the same time. Thus, each food had an ideal start time. Participants could enter the screen for each of the respective food as often as they wished. The timer indicated the time left to reach target time for the respective food. As an open-ended distractor task, participants were to 'set a table' with four place settings by dragging images of plates and cutlery to a table presented on the main screen. When all four settings had been completed, the table was cleared on the computer screen for the participant to set four new place settings. Instructions specified that participants were to attempt to complete as many table settings as possible while 'cooking'.
Performance of the task began after completion of a practice trial and confirmation by participants that task instructions were understood.
The LBBT resembled the virtual version in terms of design, cooking times and foods, but was set in the laboratory rather than on the computer. Five portable DVD players with nine-inch monitors represented the five foods. Other than these digital proxies for the five foods, all components of the LBBT were set in real life and required participants to interact with physical objects. Participants were informed that the aim, again, was to cook each of the foods for the correct time and to have all foods ready concurrently. In order to begin cooking a food, participants were instructed to press the play button on each DVD player. This resulted in previously recorded video footage of the specific real food being cooked and of a digital timer, which counted down the respective target cooking time, being shown (see Figure 1 ). The screen of each DVD player was then covered with a cloth by the experimenter, which could be lifted by participants to check on the progress of cooking, that is, to view the timer that indicated the time left before the target time would be reached. No auditory feedback was provided.
Again, the open-ended distractor task was to set a table (here, a real table with paper plates and plastic cutlery), which was positioned across from the DVD players at a distance of around two meters. The DVD players were therefore out of sight while participants set the table. When all four settings had been completed, participants continued with the task by completing the next setting and laying plates and cutlery on top of those previously placed on the table, with the aim to complete as many settings as possible during 'cooking'. During performance of the task, participants could move around freely in the space between the DVD players and the table. Performance again began after a practice session and confirmation that task instructions were understood. It was recorded via a fixed digital video camera for later coding of the number of times that the cloth was lifted for each respective food as well as for start times of each food. The number of table settings completed was counted by the experimenter upon task completion. The order of task performance is illustrated in Figure 2. 
Outcome Measures
Outcome measures were equivalent in the two breakfast tasks. Prospective memory was determined by the participant's number of clock checks performed during cooking and by mean deviation, calculated as the mean difference (in seconds) between ideal and actual start times for cooking each of the five foods. A higher number of clock checks and a lower mean deviation represented higher prospective memory performance. Performance on the distractor task of setting a Table 1 for the younger group and in Table 2 for the older group. In the younger group, there was a significant positive association between CBBT and LBBT clock checks and between CBBT table settings and LBBT mean deviation (see Table 1 ).
For the older group, associations between the two breakfast tasks were restricted to a positive relationship of CBBT and LBBT clock checks (see Table 2 ). When computer experience was entered as a covariate in partial correlations again performed separately for each age group, only the respective associations of CBBT and LBBT clock checks remained statistically significant (data not shown; both p<.05). A statistically non-significant trend for a positive association of CBBT mean deviation with LBBT clock checks in the younger group (see Table 1 ) reached statistical significance when adjustment was made for computer experience (r=.60; p=.012). Mean deviation and table settings performance were both unrelated between the two tasks in the unadjusted analysis and following adjustment for computer experience. 
Age Group by Task Interaction in Breakfast Task Performance
In order to determine whether breakfast task performance levels in older and younger adults were differently affected by the two versions of tasks, mixed-design analyses of variance (ANOVA) with age group as between-subjects variable and task as within-subjects variable were performed. A statistically significant interaction for age group by task was found for clock checks (F(1, 47) = 9.23, p = .004, partial η 2 = .16; see Figure 3 ) and for table settings (F(1, 47) = 78.33, p < .001, partial η 2 = .63; see Figure 4 ). In these analyses, the main effect of task was significant for clock checks (F(1,47) = 79.36, p<.001, partial η 2 = .63) and for Figure 5 ).
Discussion
Summary of Findings
The present article compared the performance of older and younger adults on a simulation of a task of multitasking that was set in the laboratory and had minimal involvement of technology (LBBT) with that on a computer-based simulation of this task (CBBT). Associations of performance on these tasks with self-reported memory failures in everyday life were also explored. We found a weak positive association between LBBT clock checks and CBBT mean deviation (both measuring prospective memory) in the younger group, which only became apparent following adjustment for computer experience. This speaks against measurement of the same construct by both tasks (high clock checks but lower mean deviation mean better prospective memory). The number of clock checks was the only measure to correlate between the two versions of the task in both age groups and irrespective of statistical adjustment.
Associations with self-reported frequency of memory failures in everyday life were limited to the LBBT. Together with the intuitive assumption of a higher ecological relevance in the LBBT than in the CBBT, we conclude on the basis of the correlations with selfreported memory failures for LBBT but not CBBT that the usefulness of the latter to measure real-life multitasking ability may be limited and requires further investigation. Additionally, age group by task interactions suggested differential age group effects on prospective memory (clock checks) and speed (table settings) in the CBBT compared with the LBBT. This cast further doubt on a successful cross-validation of both tasks.
Potential Mechanisms Underlying the Observations and Comparison with Previous
Research Although a lower previous exposure to computers in older than in younger adults (for which we also found evidence in our sample) could be assumed as a likely driving force behind the observation, statistical adjustment for self-reported computer experience did not change these findings. Our observation thereby contrasts with a previous investigation, which had identified computer experience as a mediator between age and performance on a computer-based task of memory (Laguna & Babcock, 2000) . It may be the case that other factors, such as an age-related decline in processing speed, contributed to the disadvantage for the older adults of our sample on the computer-based task. Our measurement of computer experience on a single-item scale was imprecise, however, and so the contribution of computer experience to the present findings warrants further investigation. Future studies could make use of more precise instruments (e.g., the Computer Proficiency Questionnaire; Boot et al., 2015) for this purpose. Though implausible, we also cannot rule out the possibility that the observed interaction effect represented an unfair advantage of the older adults on the laboratory task (rather than a disadvantage on the computer-based task). We lack a 'yardstick'
or 'gold-standard' which would allow ultimate determination of the ecological validity of either task.
The apparent positive association of CBBT mean deviation and LBBT clock checks in the younger group is puzzling, because both are measures of prospective memory but indicate better (clock checks) versus worse (mean deviation) ability. It is possible that participants who had a preference for the more realistic version of the task were less motivated when performing the task on the computer. We did not measure task preference and so the finding leaves scope for future research.
Finally, our study has shed light on some previous research of time monitoring abilities. In two early investigations, groups of younger and older adults were to press a key on a keyboard at certain time intervals, and older adults were consistently outperformed by younger adults in terms of accuracy and clock checking (Einstein et al., 1995; Park, Hertzog, Kidder, Morell, & Mayhorn, 1997) . The interaction effect of age group by task on clock checks in combination with a lack of a main effect of age on this outcome in the present study has now shown that the use of a computer may have contributed to those early reports of age-related deficits in time monitoring. In one more recent investigation, older adults were indeed outperformed by younger adults in clock checking despite the task being set in real life (Mioni & Stablum, 2014) , however, and so the overall disparity in observations of age effects on time monitoring requires clarification in future, ideally prospective, studies.
Implications
Our findings have implications first and foremost for future psychological research. It appears that poor performance by older adults on computer-based tasks may not always reflect true underlying deficits and so should not always be taken at face value by investigators. We have therefore highlighted a need for the evaluation of cognitive tests as to the degree that they are ecologically valid prior to their application, which is consistent with a recent review (Phillips, Henry, & Martin, 2012) concluding that in older adults ecological validity is a crucial factor in the assessment of prospective memory (which is an important component of multitasking). As an earlier paper on ecological validity aptly notes, "it is necessary to study real behavior sometimes" (Baumeister et al., 2007, p. 400 ; see also Neisser, 1976) . Despite problems such as scaling aspects of real-world situations into experimental platforms (Czaja & Sharit, 2003) , researchers are therefore encouraged to attempt a recreation of computer-based tasks in simulations with lesser digital involvement wherever possible. For tasks of prospective memory, Phillips et al. (2012) call for strategic investigations along a continuum of ecological validity ranging from tasks set in everyday life to artificial tasks in laboratory settings. With the creation of the LBBT in an ecologically relevant environment, we have provided an important step toward that goal.
One previous (unpublished) study applied a real-life cooking task to a sample of older adults to examine multitasking (Edwards & Ryan, 2004; cited in Craik & Bialystok, 2006) .
Participants also performed the CBBT in that study. Correlations of medium effect size were found between the number of sequencing steps (a measure of multitasking ability) in real-life and CBBT mean deviation. However, deviation was not measured in the real-life cooking task, and the task was subject to little experimental control and to potential effects of routine (Bergua et al., 2006) . Our LBBT has supplemented this previous evidence by allowing a greater maintenance of experimental control. A similar approach to ours has since been described by another group. Here, performance on a realistic breakfast task ('Dresden Breakfast Task'), which was also based on Craik and Bialystok's (2006) CBBT, was associated with performance on other paper-and-pencil tests of cognitive ability. Yet, potential associations of that task with the CBBT itself were not explored (Altgassen et al., 2012) . Direct comparison of the Dresden Breakfast Task with the CBBT as well as the LBBT in a single sample would now be a useful next step for future research in the field.
Research of age effects on time monitoring could also prove useful for health promotion in older adults. Should future assessments confirm age effects on time monitoring behavior, for which the evidence appears unclear at present, then older adults could benefit from support systems in form of alarms during important real-life tasks that rely on time monitoring, such as cooking. Implementation of such strategies could then ultimately help prevent domestic accidents which older adults are at particular risk of (Bhanderi & Choudhary, 2008) .
Limitations and future research
A limitation of the present study is its relatively small sample size. Effect sizes and directions of associations suggest that further investigation using a larger sample may be useful. We also did not assess participants' personality and attitudes, which may play a role in the way in which people answer health-related questions (Cipolletta, Consolaro, & Hovarth, 2014 ) and so potentially influenced participants' self-reported memory failures on the PRMQ, or any other factors, such as participants' experience with cooking, that may have systematically influenced performance on the tasks.
Despite these shortcomings, our study suggests that an alteration of task designs of those that take place on a computer rather than in real life may be helpful in eliminating any spurious task-related age group differences in performance. After all, a majority of today's psychological research use computer-based tasks, and a continued use of this method is likely.
Recent developments of virtual environments appear to offer a promising alternative to traditional computer-based assessments such as the CBBT. In studies of neuropsychological patients, for instance, performance on virtual environment tasks involving the completion of multiple errands has been found to correlate with real-life performance of the same task (Grewe et al., 2014; McGeorge et al., 2001) or with the clinical descriptions of patients' deficits in this ability (Titov & Knight, 2005) . It is plausible that older adults, too, could benefit from such task designs, particularly in view of evidence that computer-based assessment may reduce test-induced stress experienced by older adults (Collerton et al., 2007) .
Recently, a virtual environment test of prospective memory was identified as a successful means for assessing working memory, planning, and prospective memory in young adults (Edinburgh Virtual Errands Task, EVET; Logie, Trawley, & Law, 2011; Trawley, Law, & Logie, 2011) . However, subsequent unpublished pilot work with the present sample and with a separate group of participants showed that older adults had difficulty with the keyboard and mouse interface, and testing was terminated prematurely due to stress or excessively long testing sessions. Ongoing pilot work with older people using alternative interfaces to the virtual environment has proved more successful but is still under development. Therefore, if future studies use virtual reality environments to study older adults, these should be developed specifically to suit the target population and, as all computer-based tasks, should be tested both for ease of use by the participant sample and ecological validity prior to their use.
Conclusions
Taken together, we have highlighted the importance of evaluating computer-based tasks in terms of their real-life applicability by demonstrating performance disparity between one such task and an alternative with minimal digital involvement. Particularly in the crosssectional comparison of older with younger adults, the use of a computer could hinder the accurate measurement of underlying cognitive abilities. The problem may well become less pronounced with time, as the current younger generation might sustain their level of computer proficiency into older age. People currently in the middle age range of 40-65 may also be much more familiar with the use of computers in their daily personal and working lives than are people who entered retirement before computers became commonplace. For now, our study has demonstrated that the issue requires further investigation as well as ongoing consideration in the design of psychological experiments. Scores on computer-based assessments should not always be taken at face value to reflect underlying ability without scrutiny, and so researchers are encouraged to 'think outside the box' in the evaluation of their tasks to determine whether or not research findings (particularly when using older samples) are transferable to real-life settings.
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